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Chado: Open Source Database

Sequence Companalysis General CVOrganism

• Collaborative relational database ~15 people.
– Flybase/Harvard
– GMOD Consortium

• Composed of several modules
• Freely available as open source
• Many support tools under development by several 

laboratories. (see www.gmod.org)



Annotation attributes

Genomic Contig

gene

transcript

CDS

protein

exon

Annot. Attribute terms

Gene name
EC#
Gene sym
GO
…

cvterm:
cv_id
cvterm_id
name

featureprop:
type_id = 
value = 
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Featureloc

Genomic scaffold

Contigs

featureloc:
nbeg = x
nend = y
rank = 0
locgroup = 0
srcfeature_id = *

featureloc:
nbeg = z
nend = w
rank = 1
locgroup = 0
srcfeature_id = *

Feature (Gene,match)

featureloc:
nbeg = x
nend = y
rank = 0
locgroup = 1
srcfeature_id = *

Scaffold mappings



Multiple alignments

featureloc:
nbeg = x
nend = y
rank = 2
locgroup = 0
residues = [text]
srcfeature_id = *

Multiple 
alignment 
feature

featureloc

member sequence

featureloc:
nbeg = z
nend = w
rank = 1
locgroup = 0
residues = [text]
srcfeature_id = *

featureloc:
nbeg = z
nend = w
rank = 0
locgroup = 0
residues = [text]
srcfeature_id = *

featureloc:
nbeg = x
nend = y
rank = 3
locgroup = 0
residues = [text]
srcfeature_id = *

member sequence

member sequence member sequence



Sequence variations
SNPs (redundant mapping to protein)

featureloc:
residue_info = “A”
nbeg = x
nend = x
rank = 0
locgroup = 0
srcfeature_id = *

SNP

A => G

featureloc

featureloc:
residue_info = “G”
rank = 1
locgroup = 0

protein

featureloc:
residue_info = “I”
nbeg = z
nend = z
rank = 0
locgroup = 1

*srcfeature_id = 

featureloc:
residue_info = “T”
rank = 1
locgroup = 1

I => T

Genomic Contig



Chado

• No serious performance issues
• Many labs
• Modular

– Sequence module is stable
• Extensive use of CV-terms
• Usage of datatypes documented



Workflow Computes

• Blast
• Position effect 

(conserved gene 
order)

• MUMmer
– SNPs

• PROmer
• Gene families

– COGs
– Paralogs

BSML 
Dumper

COG

BSML
Loader

blastp

PE

SNPs
MUMmer

PROmer

Primary output: BSML-XML



Data Prep For Comparative 
Analysis

BSML 
Dumper

COG

BSML
Loader

blastp

PE

SNPs
MUMmer

PROmer

ChadoGenBank Files
EMBL Files
Custom Files
XML

-GFF
-BSML

TIGR Original DB

GMOD 
Consortium



Sybil

• Sibyl ancient Greek word sibylla, meaning 
prophet, someone who speaks by divine 
inspiration; 

• Workflow system + chado db + interface



Sybil

• Workflow system chado db 
• Interface

– Three-tiered perl architecture
– Pushes pages to web browser
– Many reports
– All graphics are in svg



Sybil-searches

• All v all blastp searches
• Mummer

– Nucleotide
– Protein 



Sybil-clustering

• Jaccard -- paralogs
– pairs of proteins form networks
– Edges of networks are evaluated
– Scoring system set by user 

• COGs – bidirectional best hits
• Jaccard COG-clustering

– transitive closure 
– forms Jaccard reps from all genomes
– multiple Jaccard reps from same genome. 



Sybil-smoothing
• Position effect

– pairwise protein matches to identify distinct sequence segments 
in which the gene order and orientation are conserved. 

– window_size, gap_penalty, gene_count_cutoff, 
gene_length_cutoff, min_matches_per_window , orientation

• Collection of genes into blocks based on J-COGs







A B C



Displays

• Tri-tryp: comparative image for T. brucei
chromosome 2

• Whole genome: T. brucei v. Leismania
• C. briggsae: 6.4Mb
• Strep: several strains
• Methods
• Documentation



Last comments

• Uses:
– >10 faculty projects

• Analysis
• Annotation
• In combination w/ Manatee

– External web displays
– Three jamboree-style projects

• http://sybil.sourceforge.net/

Tryps
Aspergilli
Elegans



Last comments

• Supported by
– Chado open source db
– Sourceforge version control
– Enthusiastic engineers
– BSML-XML
– Workflow
– Several alignment methods
– Smoothing algorithms
– Multiple platforms
– API



bing badda boom.
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